ABSTRACT: Antioxidant enzymes: catalase (CAT) [EC 1.11.1.6], peroxidase [EC 1.11.1.7], glutathione reductase (GSSGR) [EC 1.6.4.2] and glucose-6-phosphate dehydrogenase (G6PDH) [EC 1.1.1.49] were investigated in terrestrial Helix aspersa (O.F. Müll.) and aquatic Pomacea bridgesi (Reeve). The activity was determined in the heamolymph and homogenates of hepatopancreas and foot muscle. No CAT and peroxidase activity was detected in the hepatopancreas and foot muscle of P. bridgesi, and its haemolymph displayed a very low CAT activity (0.005 U/mg of protein). In H. aspersa the highest activities (U/g) observed for CAT and GSSGR in the hepatopancreas were 0.40, and 1.05, respectively; for peroxidase and G6PDH in the foot muscle the respective values were 1.22 and 0.22. The activities of antioxidant enzymes determined in both snail species are much lower than the corresponding values for mammalian tissues.
INTRODUCTION
Paradoxically, the life-giving oxygen can also be toxic. Its toxic effect is caused by reactive oxygen species (ROS), such as superoxide radical anion, hydrogen peroxide and the most reactive -hydroxyl radical. ROS are harmful to living cells, since they can modify membrane lipids, proteins, DNA and disturb oxidative phosphorylation , HONG & JOHNSON 1995 , PANNUNZIO & STOREY 1998 , HALLIWELL 1999a . Cells are protected against ROS by antioxidants of two kinds: low molecular effectors (ascorbate, vitamin A, vitamin E) and enzymes (HALLIWELL 1995 , 1999b . Superoxide dismutase (SOD), catalase (CAT), peroxidase, glutathione peroxidase and glutathione reductase (GSSGR) have been recognized as antioxidant enzymes.
Antioxidant enzymes (AOE) catalyze reactions leading to decrease of ROS concentration. SOD synthesizes hydrogen peroxide from superoxide radical anion, decreasing the concentration of the latter. Decomposition of hydrogen peroxide by CAT results in water and oxygen. Peroxidases catalyze oxidation of several compounds, thanks to reduction of hydrogen peroxide. Glutathione oxidation by hydrogen peroxide is catalyzed by glutathione peroxidase. Glutathione reductase catalyzes reduction of oxidized glutathione with NADPH. Redox capacity of the cell depends on the GSSG/GSH ratio which, in turn, depends on the NADPH/NADP + ratio. Therefore glucose-6-phosphate dehydrogenase (G6PDH), catalyzing reduction of NADP + should be also regarded as an antioxidant enzyme (CHENG et al. 2000 , O'BRIEN et al. 2000 . Antioxidant enzymes have been investigated in vertebrate and invertebrate tissues, most studies dealing with mammalian antioxidant enzymes (BRYAN & JENKINSON 1987 , MCELROY et al. 1992 , KURATA et al. 1993 , PEREZ-CAMPO et al. 1994 , MCINTOSH et al. 1998 , ANDERSON & PHILLIPS 1999 (1): 51-55 SKA£ECKI et al. 1999) . Less attention in this respect has been paid to lower vertebrates (PEREZ-CAMPO et al. 1994 , BAINY et al. 1996 , STOREY 1996 , RUDNEVA 1997 , WU & SQUIRES 1997 and still less to invertebrates (ARUN & SUBRAMANIAN 1998 , SHEEHAN & POWER 1999 . Only few papers are available on snail antioxidant enzymes (PUGH et al. 1979 , HERMES-LIMA et al. 1998 . HERMES--LIMA et al. (1998) investigated activities of antioxidant enzymes during estivation and activity. No comparative studies have been reported on land and freshwater snails. Since freshwater snails are exposed to lower and variable oxygen concentration compared to terrestrial snails, exposed to atmospheric oxygen, values of antioxidant enzyme activity in both groups could be expected to differ. This assumption prompted us to investigate the activity of CAT, peroxidase, glutathione reductase and glucose-6--phosphate dehydrogenase in the foot muscle and hepatopancreas of terrestrial (H. aspersa) and freshwater (P. bridgesi) snails. In this paper we present the results of our investigations and discuss their possible physiological significance.
MATERIAL AND METHODS
All the biochemicals were purchased from Sigma (St. Louis, MO, U.S.A.). Distilled, deionized water was used in all the experiments.
Adult individuals of two snail species -a terrestrial pulmonate Helix aspersa (O.F. Müll.), and a freshwater prosobranch Pomacea bridgesi (Reeve) -were used. Fifteen hibernating specimens of H. aspersa were obtained from the Institute of Animal Husbandry, Kraków/Balice. Prior to sampling tissues they were restored to activity, kept in terrarium at a temperature of 10 ± 1°C and not fed. Twenty individuals of P. bridgesi, coming from the laboratory culture of the Department of Animal Physiology, Wroc³aw University, were kept in an aquarium, water temperature 25 ± 1°C, and fed with vegetable fodder Vitabin (Tetra, Germany), superVit and Tubifex. The snails were weighed and their shells measured. The haemolymph was sampled with a cannula from the heart. The hepatopancreas and foot muscle were removed immediately, cleaned of adhering fragments of other tissues, washed and weighed. The haemolymph samples were centrifuged at 2,000 g during 10 min at 4°C and the supernatant was used for antioxidant activity determination. The tissues were homogenized as 1:2 w/v (P. bridgesi) and 1:5 w/v (H. aspersa) during 60 s at 13,000 r.p.m. in a buffer containing 20 mM Tris, 0.25 M saccharose, 0.5 mM EDTA pH =7.4 at 4°C, in the Ultra Turax homogenizer (Janke & Kunkel IKA Labortechnik, Germany). The homogenate was centrifuged at 14,000 g during 20 min at 4°C and the resulting supernatant was used to determine the activity of antioxidant enzymes.
Catalase (CAT) [EC 1.11.1.6] activity was determined spectrophotometrically, measuring H 2 O 2 decomposition at 240 nm (AEBI 1983) using 39.5 M -1 cm -1 as the molar absorption coefficient. The assay (1 ml) contained 50 mM phosphate buffer and 10 mM H 2 O 2 ; pH 7.0. The substrate was added to start the reaction.
Peroxidase [EC 1.11.1.7] activity was measured as described by PÜTTER & BECKER (1983) determining formation of the oxidized form of ABTS [2,2'--Azinobis (3-ethylbenzthiazoline-sulfonic acid)] at 420 nm (using 18 600 M -1 cm -1 as the molar absorption coefficient). The assay solution contained: 67 mM phosphate buffer, 1.7 mM ABTS and 10 mM H 2 O 2 ; pH 6.0. The reaction was initiated by addition of the homogenate.
Glutathione reductase (GSSGR) [EC 1.6.4.2] activity was assayed following the absorbance decrease at 340 nm due to oxidation of NADP (GOLDBERG & SPOONER 1983 ). The assay mixture contained 100 mM phosphate buffer, 0.5 mM EDTA, 0.5 mM NADPH and 2.2 mM GSSG; pH 7.2. The substrate was added to start the reaction.
Glucose-6-phosphate dehydrogenase (G6PDH) [EC 1.1.1.49] activity was assayed as described by DEUTSCH (1983) . The assay mixture (1 ml) consisted of 50 mM Tris, 1 mM EDTA, 10 mM MgCl 2 , 0.4 mM NADP and 2 mM G6P; pH 8.0. The substrate was added to start the reaction.
Protein concentration determination followed LOWRY et al. (1951) , with bovine serum albumin as a standard.
Spectrophotometric determinations were performed with an HP 8452 Diode Array Spectrophotometer at 25°C. One unit of activity was the amount of the enzyme that produced 1 mmol product per minute.
RESULTS AND DISCUSSION
The results of our investigation are presented in Table 1 . The activity of AOE was found to be lower in the freshwater P. bridgesi, than in the terrestrial H. aspersa. No CAT or peroxidase activity was detected in the hepatopancreas and foot muscle, and no G6PDH in the haemolymph of P. bridgesi.
In the hepatopancreas of H. aspersa the activity of CAT and GR was three times higher, while that of peroxidase three times lower, compared to the values for these enzymes in the foot muscle. The activities of antioxidant enzymes determined either in land or in freshwater snail tissues are much lower than the corresponding values for mammalian tissues (HONG & JOHNSON 1995 , MCDERMOTT et al. 1995 , SKA£ECKI et al. 1999 . Based on the studies carried out in our laboratory (SKA£ECKI et al. 1999) , with the use of the same methods, only the activity of GR in the hepatopancreas and muscle, and G6PDH in human muscle are comparable to the values obtained for both snail species. The observed lower activities in our studies are in accordance with the results obtained for marine invertebrates: two bivalve and two crustacean species, a snail and a starfish (GAMBLE et al. 1995 , ARUN & SUBRAMANIAN 1998 , PANNUNZIO & STOREY 1998 .
AOE are inducible enzymes. In vertebrates and invertebrates various factors affect changes in their activity, for example: diet (GAMBLE et al.1995 , CAO et al. 1997 , ecological conditions, feeding behavior, natural and pollutant pro-oxidant xenobiotics (WINSTON & DI GULIO 1991) . Production of oxy radicals can be increased by changing oxygen pressure (WINSTON et al. 1990 ). In marine invertebrates of intertidal zone, exposed to variable oxygen conditions (hypoxia and anoxia), the activity of AOE is higher (GAMBLE et al. 1995) . and HERMES-LIMA et al. (1998) have investigated activity of AOE in tissues of a terrestrial pulmonate Otala lactea (O. F. Müller) during estivation and activity. They found a higher CAT activity in the foot muscle of estivating snails. In the hepatopancreas of a marine prosobranch Littorina littorea L. the maximum activities of antioxidant enzymes clearly responded to changes in oxygen availability. The activity of CAT and GSSGR was suppressed (to 70% and 60% control, respectively) during anoxia exposure (PANNUNZIO & STOREY 1998) .
The snails studied by us came from a culture and it can be supposed that, compared to Littorina littorea and Otala lactea collected in their natural habitats, they were exposed to much lower concentrations of toxic substances, which may explain the decreased activity of AOE. The absence of CAT in the hepatopancreas of P. bridgesi may indicate a lower enzymatic antioxidant potential which may be compensated for by other non-enzymatic antioxidants, as observed in some elasmobranch fishes (RUDNEVA 1997 (RUDNEVA , 1999 .
It may be expected that the highest activity of antioxidant enzymes should be present in cells of the highest ROS concentration. Several ways of ROS generation have been observed. Superoxide radical anion (O 2 · -) may be generated by spontaneous reduction of dissolved oxygen by haeme, or in reaction catalyzed by some oxidases (xanthine oxidase), or else as a by-product of oxidative phosphorylation. Hydrogen peroxide (H 2 O 2 ) may be generated from superoxide radical anion in reaction catalyzed by superoxide dismutase, but also from superoxide anion in reaction catalyzed by some oxidases (HALLIWELL 1995) .
In mammals the highest antioxidant enzyme activities have been detected in the liver. Lower values have been found in the lung and erythrocytes (SKA£ECKI et al. 1999) . Mammalian alveoli consist of two kinds of cells: pneumocytes I and II. Both these kinds are exposed to the same partial pressure of oxygen but antioxidant enzymes are present only in pneumocytes II. The decisive factor in generation of ROS seems to be the rate of metabolism. The higher the rate of metabolism, the higher ROS level. The Values are expressed as mean ± SD; * enzyme activity in haemolymph is expressed as U/ml; nd -not detected rate of metabolism of ectothermic animals depends on the ambient temperature. Though in our experiments P. bridgesi was kept at a much higher temperature than H. aspersa, the AOE activity in the latter species was somewhat higher. Therefore the slightly higher AOE activity in the terrestrial snail may result from exposure to a higher oxygen concentration. Another parameter which should be considered when comparing snails with mammals is the sensitivity of their cells to the toxic effect of oxygen. One may expect that during evolution the cells become more sensitive to oxygen toxicity which might explain the generally lower AOE activities in snail tissues.
Further studies on the problem should aim at determination of concentration of non-enzymatic antioxidants in the tissues, in order to estimate the total antioxidant potential.
